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DATA TRANSFER DEVICE AND PRINTING APPARATUS 
INCLUDING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The invention relates to a data transfer device that transfers data, via 
a plurality of signal lines, and a printing apparatus including the data transfer device. 

2. Description of Related Art 

[0002] An apparatus including a data transfer device includes, for example, a 
serial printer that performs printing using a print head mounted on a carriage 
reciprocally movable in the main scanning directions of a print paper. In the serial 
printer, a print control device fixedly disposed in a case and the print head moving 
together with the carriage are connected by a flat harness. With this structure, digital 
signals are transmitted from the print control device to the print head, via the flat 
harness, so that the print control device controls the print head. 

[0003] In the above-described serial printer, a flat harness that connects the 
print control device and the print head needs to have enough length to allow the print 
head to move in the main scanning directions. More specifically, the print head 
reciprocally moves together with the carriage in the main scanning direction of the 
print paper, relative to the print control device fixedly disposed in the case. The 
distance between the print control device and the print head varies between the range 
when the print control device and the print head become farthest apart and become 
closest. When the print control device and the print head become most remote, the 
flat harness needs to have enough length so as not to be in tension. When the print 
control device and the print head become closest, the flat harness needs to bend 
flexibly. Therefore, it is also required for the flat harness to have enough flexibility to 
bend flexibly. 

[0004] When a plurality of clock signals and data signals are sent to the print 
head, using such a harness described above, radiant noises may be emitted from the 
flat harness. In addition, crosstalk between the signals may occur. 

[0005] To solve the above-described problems, the flat harness may have a 
thin shield attached thereto, so as to cover the flat harness, or ferrite cores may be 
provided at both ends of the flat harness. 




[0006] However, the cost of the flat harness increases if the flat harness 
includes the shield or the ferrite cores. As described above, the flat harness needs to 
bend flexibly. If the shield is provided for the flat harness, the shield will prevent the 
flat harness from flexing or bending, as the print head moves fast in the main scanning 
5 directions. 

SUMMARY OF THE INVENTION 
[0007] Accordingly, one aspect of the invention is to provide a data transfer 
device that transfers data, via a plurality of signal lines, and a printing apparatus 
including the data transfer device, in which emissions of radiant noises from the signal 
10 lines and crosstalk between signals are effectively prevented, without using a shield or 
a ferrite core. 

[0008] To achieve this aspect, a data transfer device and a printing apparatus 
including the data transfer device of the invention may include a data transfer timing 
signal output device that outputs a timing signal for the data transfer, by changing the 
15 frequency of the timing signal randomly for each of the plurality of signal lines. 

[0009] In the data transfer device and the printing apparatus including the 
data transfer device of the invention, the data transfer timing signal output device 
randomly changes at least one of a data transfer start timing and a data transfer end 
timing. 

20 [0010] A data transfer device and a printing apparatus including the data 

transfer device of the invention transfers data using a system clock. The data transfer 
device and the printing apparatus may include a transfer clock generating device that 
generates a transfer clock that determines a timing for the data transfer, based on the 
system clock, and a transfer clock changing device that randomly changes a frequency 

25 of the transfer clock generated by the transfer clock generating device. 

[0011] The transfer clock changing device randomly changes at least one of 
timings when the transfer clock makes a transition to a high level and when the 
transfer clock makes a transition to a low level. 

[0012] A data transfer device and a printing apparatus including the data 

30 transfer device of the invention transfers data using a system clock. The data transfer 
device and the printing apparatus may include a transfer clock generating device that 
generates a transfer clock that determines a timing for the data transfer, based on the 
system clock, a delayed transfer clock generating device that shifts the transfer clock 
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generated by the transfer clock generating device by a predetermined amount, to 
generate a plurality of delayed transfer clocks, and a delayed transfer clock selecting 
device that randomly selects one of the delayed transfer clocks generated by the 
delayed transfer clock generating device. The data transfer device transfers the data in 
accordance with the delayed transfer clock selected by the delayed transfer clock 
selecting device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] A preferred embodiment of the invention will be described in detail 

with reference to the following figures wherein: 

FIG. 1 is a block diagram of a print mechanism to which a data transfer device 

according to an embodiment of the invention is applied; 

FIG. 2 is a block diagram of the data transfer device according to an embodiment of 

the invention; and 

FIG. 3 is a timing chart illustrating the relationship between clocks and data in the 
data transfer device. 

Further objects, details, and advantages of the invention will be apparent from the 
following detailed description, when read in conjunction with the drawings. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0014] A preferred embodiment of the invention will be described with 
reference to the figures. FIG. 1 is a block diagram of a print mechanism 4 of a serial 
printer to which a data transfer device 1 according to an embodiment of the invention, 
is applied. 

[0015] As shown in FIG. 1, the data transfer device 1 in the print 
mechanism 4 of the serial printer is connected to a print head 3, by a belt-like flat 
harness 2 having a plurality of signal lines arranged in parallel to each other. The flat 
harness 2 has copper signal wires, each of which are insulated by a flexible resin 
material, such as polyimide, which is formed in a flat thin shape. 

[0016] The data transfer device 1, as shown in FIG. 1, is connected by 
wiring to a control circuit 30 for the serial printer, so that the data transfer device 1 
may receive signals, such as data signals and clock signals for printing, from the 
control circuit 30. Based upon the data signals and the clock signals received from the 
control circuit 30, the data transfer device 1 provides drive signals to the print head 3, 
via the flat harness 2. 



[0017] Various types of print heads to be used in a serial printer, such as an 
ink-jet type or wire-dot type, may be employed for the print head 3. 

[0018] Referring to FIG. 2, a circuit configuration of the data transfer 
device 1 will be described below. FIG. 2 is a block diagram for the data transfer 
5 device 1 . In this embodiment, several print heads are provided. Each print head 

ejects ink of either cyan (C), magenta (M), yellow (Y) or black (K) color. Therefore, 
the serial printer according to the embodiment of the invention is provided with four 
data transfer devices. One data transfer device 1 out of the four will be explained in 
detail below. 

10 [0019] As shown in FIG. 2, the data transfer device 1 includes a system 

clock input part 5 that inputs a system clock to be transmitted from a system clock 
generating circuit 40 in the main substrate (not shown). The system clock frequency 
is 48 MHz in this embodiment. However, the system clock frequency is not limited 
to 48 MHz but may be, for example, 66 MHz or 100 MHz. 
15 [0020] The system clock input part 5 is connected to an input part 6a of a 

transfer clock circuit 6 that generates a transfer clock, which can be a timing signal for 
data transfer. The system clock input part 5 is also connected to each of clock 
terminals 13b, 14b, 15b, 16b of flip-flops 13, 14, 15, 16, respectively. 

[0021] The system clock input to the system clock input part 5 from the 
20 system clock generating circuit 40 in the main substrate is input to the transfer clock 
circuit 6 and each of the clock terminals 13b, 14b, 15b, 16b of the flip-flops 13, 14, 
15, 16, respectively. 

[0022] The system clock input to the input part 6a of the transfer clock 
circuit 6 from the system clock input part 5 is frequency-divided to generate the 
25 transfer clock suitable for the data transfer. Such transfer clock is hereinafter referred 
to as the "pre-delayed clock" (see also FIG. 3). Then, the pre-delayed clock is output 
from an output part 6b of the transfer clock circuit 6. 

[0023] The data transfer device 1 includes shift registers 7, 8, 9 that convert 
a parallel signal transmitted from the control circuit 30 of the main substrate, into a 
30 serial signal. The shift registers 7, 8, 9 are connected by wiring, to the control 
circuit 30. The three shift registers 7, 8, 9, as a group, output 3-bit color data. 

[0024] The output part 6b of the transfer clock circuit 6 is connected to each 
of transfer clock input parts 7a, 8a, 9a provided for the shift registers 7, 8, 9, 




respectively. The pre-delayed clock generated by frequency-dividing the system 
clock in the transfer clock circuit 6 is output from the output part 6b of the transfer 
clock circuit 6, and input to each of the transfer clock input parts 7a, 8a, 9a of the shift 
registers 7, 8, 9, respectively. The shift registers 7, 8, 9 output from data output 
5 parts 7b, 8b, 9b, respectively, data converted from the parallel signal to the serial 

signal, in synchronization with the pre-delayed clock. The data output from the data 
output parts 7b, 8b, 9b is hereinafter referred to as the "pre-delayed data." Output data 
from each of output terminals 10c, 1 lc, 12c of flip-flops 10, 11, 12, which will be 
described in more detail below, is delayed data, as the timing of the data output from 

10 the output terminals 10c, 1 lc, 12c is switched, based on the pre-delayed data and an 
output clock from a selector 20. In contrast to the output data from the output 
terminals 10c, 11c, 12c, which is the delayed data, the data output from the shift 
registers 7, 8, 9 is referred to as the pre-delayed data. 

[0025] The data output part 7b of the shift register 7 is connected to an input 

15 terminal 10a of the flip-flop 10. Similarly, the data output part 8b of the shift 

register 8 is connected to an input terminal 11a of the flip-flop 11. The data output 
part 9b of the shift register 9 is connected to an input terminal 12a of the flip-flop 12. 

[0026] Thus, the pre-delayed data output from the data output part 7b of the 
shift register 7 is input to the input terminal 10a of the flip-flop 10. Similarly, the pre- 

20 delayed data output from the data output part 8b of the shift register 8 is input to the 
input terminal 1 la of the flip-flop 1 1 . The pre-delayed data output from the data 
output part 9b of the shift register 9 is input to the input terminal 12a of the flip- 
flop 12. 

[0027] The output part 6b of the transfer clock circuit 6 is connected to an 
25 input terminal 13a of the flip-flop 13 and an input terminal 17a of a random number 
generating circuit 17. Thus, the pre-delayed clock output from the output part 6b of 
the transfer clock circuit 6 is input to the input terminal 13a of the flip-flop 13 and the 
input terminal 17a of the random number generating circuit 17. The random number 
generating circuit 17 randomly generates the numbers of "0", "1", "2", or "3". The 
30 random number generated by the random number generating circuit 17 is output from 
an output terminal 17b, and input to a random number input terminal 20e of the 
selector 20. 




[0028] An output terminal 13c of the flip-flop 13 is connected to an input 
terminal 20a of the selector 20 that selects the delayed clock, and to an input 
terminal 14a of the flip-flop 14. An output terminal 14c of the flop-flop 14 is 
connected to an input terminal 20b of the selector 20 and an input terminal 15a of the 
5 flop-flop 15. An output terminal 15c of the flip-flop 15 is connected to an input 
terminal 20c of the selector 20 and an input terminal 16a of the flip-flop 16. An 
output terminal 16c of the flip-flop 16 is connected to an input terminal 20d of the 
selector 20. 

[0029] A clock output from the output terminal 13c of the flip-flop 13 

10 (hereinafter referred to as the "delayed clock 0") is input to the input terminal 20a of 
the selector 20 and the input terminal 14a of the flip-flop 14. Similarly, a clock output 
from the output terminal 14c of the flip-flop 14 (hereinafter referred to as the "delayed 
clock 1 ") is input to the input terminal 20b of the selector 20 and the input 
terminal 15a of the flip-flop 15. A clock output from the output terminal 15c of the 

15 flip-flop 15 (hereinafter referred to as the "delayed clock 2") is input to the input 

terminal 20c of the selector 20 and the input terminal 16a of the flip-flop 16. A clock 
output from the output terminal 16c of the flip-flop 16 (hereinafter referred to as the 
"delayed clock 3") is input to the input terminal 20d of the selector 20. 

[0030] As described above, the output terminal 17b of the random number 

20 generating circuit 17 is connected to the random number input terminal 20e of the 

selector 20. One of numbers of "0", "1", "2", or "3" generated by the random number 
generating circuit 17 is input to the selector 20. When one of the random numbers, for 
example, "0" is input to the selector 20, the delayed clock 0 is output from the output 
terminal 20f of the selector 20, as an output clock. When one of the random numbers, 

25 for example, " 1 " is input to the selector 20, the delayed clock 1 is output from the 
output terminal 20f, as an output clock. When one of the random numbers, for 
example, "2" is input to the selector 20, the delayed clock 2 is output from the output 
terminal 20f, as an output clock. When one of the random numbers, for example, "3" 
is input to the selector 20, the delayed clock 3 is output from the output terminal 20f, 

30 as an output clock. Every time one of random numbers generated by the random 

number generating circuit 17 is input to the selector 20, the delayed clock 0, 1, 2, or 3 
corresponding to the input random numbers 0, 1, 2, or 3, is selectively output from the 
output terminal 20f of the selector 20. 




[0031] The output terminal 20f of the selector 20 is connected to clock 
terminals 10b, lib, 12b of the flip-flop 10, 11, 12, respectively. The output clock 
from the output terminal 20f of the selector 20 is input to the clock terminals 1 0b, 
1 lb, 12b of the flip-flop 10, 11, 12, respectively. Data used by the print head 3 for 
5 printing (output data) is output from output terminals 10c, 11c, 12c of the flip-flop 10, 
11, 12, respectively, at a timing in accordance with the output clock. 

[0032] Referring to FIGS. 2 and 3, operations of the data transfer device 1 
will be described below. FIG. 3 is a timing chart illustrating the relationship between 
clocks and data in the data transfer device 1. More specifically, FIG. 3 shows the 

10 relationship between data output from the shift register 7 regarding 1-bit print data 
and the clocks. The same relationship as shown in FIG. 3 may be applied when the 
data is output from the shift register 8 or 9, so that the explanation of the relationship 
between the data output from the shift registers 8,9 and the clocks is omitted. 

[0033] When the system clock generating circuit 40 in FIG. 2 supplies a 48 

15 MHz oloolc 3y3tcm (see FIG. 3) to the system clock input part 5, a system clock cycle 
becomes 1/(48 x 10 6 ) seconds. The system clock is input to the transfer clock circuit 6 
and the clock terminals 13b, 14b, 15b, 16b of the flip-flop 13, 14, 15, 16, respectively, 
as described above. The transfer clock circuit 6 performs 1/10 frequency division for 
the system clock, to generate the pre-delayed clock. The pre-delayed clock (see 

20 FIG. 2) with a cycle of 1/(48 x 10 5 ) seconds are output from the output part 6b of the 
transfer clock circuit 6. 

[0034] The parallel data input from the control circuit 30 is converted, by the 
shift registers 7, 8, 9, into the serial data, as described above. The pre-delayed data, 
which is the serial data, output from the shift register 7, is switched at a timing when 

25 the pre-delayed clock makes a transition from a HIGH level to a LOW level, as 

shown in FIG. 3. Every time the pre-delayed clock makes a transition from the HIGH 
level to the LOW level, the pre-delayed data is switched in an order of, for example, 
DATA 1, DATA 2, DATA 3, DATA 4, and so on, and output from the shift register 7. 
The data output from the shift register 7 is input to the input terminal 10a of the flop- 

30 flop 10. That is, the pre-delayed data to be output is switched every one cycle of the 
pre-delayed clock. 

[0035] The random number generating circuit 17 randomly generates one of 
the random numbers from 0 to 3, at a timing when the pre-delayed clock output from 



8 



the transfer clock circuit 6, makes a transition from the LOW level to the HIGH level 

and from the HIGH level to the LOW level. That is, the random numbers are 

switched every half a cycle of the pre-delayed clock. 

[0036] As shown in FIGS. 2 and 3, when the HIGH level of the pre-delayed 

clock is input to the input terminal 13a of the flip-flop 13 from the transfer clock 

circuit 6, the HIGH level of the delayed clock 0 is output from the output terminal 13c 

of the flip-flop 13, at a timing when the system clock input from the clock 

terminal 13b, makes a transition to the HIGH level. As the pre-delayed,clock input to 

the input terminal 13a becomes the LOW level, the LOW level of the prc €cla yed 

/I 

oteok -0 is output from the output terminal 13c, at a timing when the system clock 
input from the clock terminal 13b, makes a transition to the HIGH level. The delayed 
clock 0 is delayed for one pulse of the system clock, with respect to the pre-delayed 
clock. 

[0037] As shown in FIGS. 2 and 3, when the HIGH level of the delayed 
clock 0 is input to the input terminal 14a of the flip-flop 14 from the output 
terminal 13c of the flip-flop 13, the HIGH level of the delayed clock 1 is output from 
the output terminal 14c of the flip-flop 14, at a timing when the system clock input 
from the clock terminal 14b, makes a transition to the HIGH level. As the pre- 
delayed clock 0 input to the input terminal 14a becomes the LOW level, the LOW 




level of the prp-n Hayed Hock 1 is output from the output terminal 14c, at a timing 
when the system clock input from the clock terminal 14b, makes a transition to the 
HIGH level. The timing when the delayed clock 1 makes a transition to the HIGH 
level or to the LOW level is delayed for one pulse of the system clock, with respect to 
the delayed clock 0, and is delayed for two pulses of the system clock, with respect to 
the pre-delayed clock. 

[0038] Also, as shown in FIGS. 2 and 3, when the HIGH level of the 
delayed clock 1 is input to the input terminal 15a of the flip-flop 15 from the output 
terminal 14c of the flip-flop 14, the HIGH level of the delayed clock 2 is output from 
the output terminal 15c of the flip-flop 15, at a timing when the system clock input 
from the clock terminal 15b, makes a transition to the HIGH level. As the pre- 
delayed clock 1 input to the input terminal 15a becomes the LOW level, the LOW 
level of the pre ^ofaj^f^ 1^^ 2^i s output from the output terminal 15c, at a timing 
when the system^clock input from the clock terminal 1 5b, makes a transition to the 
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HIGH level. The timing when the delayed clock 2 makes a transition to the HIGH 

level or to the LOW level, is delayed for one pulse of the system clock, with respect to 

the delayed clock 1 , and is delayed for three pulses of the system clock, with respect 

to the pre-delayed clock. 

5 [0039] Similarly, as shown in FIGS. 2 and 3, when the HIGH level of the 

delayed clock 2 is input to the input terminal 1 6a of the flip-flop 1 6 from the output 

terminal 16c of the flip-flop 15, the HIGH level of the delayed clock 3 is output from 

the output terminal 16c of the flip-flop 16, at a timing when the system clock input 

from the clock terminal 16b, makes a transition to the HIGH level. As the pre- 

10 delayed clock 2 input to the input terminal 16a becomes the LOW level, the LOW 

£iJ level of the p r o dolaye d-e4oGk 3, is output from the output terminal 1 6c, at a timing 

SI 

when the system clock input from the clock terminal 16b, makes a transition to the 
HIGH level. The timing when the delayed clock 3 makes a transition to the HIGH 
level or to the LOW level, is delayed for one pulse of the system clock, with respect to 

15 the delayed clock 2, and is delayed for four pulses of the system clock, with respect to 
the pre-delayed clock. 

[0040] When one of the random numbers, for example, "0" is input from the 
random number generating circuit 17 to the random number input terminal 20e of the 
selector 20, the delayed clock 0 is output from the output terminal 20f of the 

20 selector 20, as an output clock. Similarly, when one of the random numbers, for 
example, "1" is input from the random number generating circuit 17 to the random 
number input terminal 20e of the selector 20, the delayed clock 1 is output from the 
output terminal 20f of the selector 20, as an output clock. When one of the random 
numbers, for example, "2" is input from the random number generating circuit 17 to 

25 the random number input terminal 20e of the selector 20, the delayed clock 2 is output 
from the output terminal 20f of the selector 20, as an output clock. When one of the 
random numbers, for example, "3" is input from the random number generating 
circuit 17 to the random number input terminal 20e of the selector 20, the delayed 
clock 3 is output from the output terminal 20f of the selector 20, as an output clock. 

30 [0041] When the random numbers are randomly switched every half a cycle 

of the pre-delayed clock, for example, from "0" to "2", then "1", then "3", then "2", 
and then "0", such as shown in FIG. 3, the clock output from the output terminal 20f 
of the selector 20 is switched accordingly from the delayed clock 0 to the delayed 




clock 2, then the delayed clock 1, then the delayed clock 3, then the delayed clock 2, 
and then the delayed clock 0. Accordingly, the timing, which is circled with the 
dashed lines in FIG. 3, when the delayed clocks 0 to 3 make a transition to the HIGH 
level or the LOW level, are combined. Waveform of the output clock from the output 
5 terminal 20f of the selector 20 becomes such as shown in FIG. 3. That is, the level at 
a timing Tl is HIGH, that at the timing T2 is LOW, that at the timing T3 is HIGH, 
that at the timing T4 is LOW, that at the timing T5 is HIGH, and that at the timing T6 
is LOW. Thus, the cycle of the output clock becomes random. 

[0042] As shown in FIGS. 2 and 3, when the output clock input to the clock 

10 terminal 10b of the flip-flop 10 from the output terminal 20f of the selector 20 makes 
a transition from the HIGH to the LOW level at the timing of T2, after the DATA 1 of 
the pre-delayed data, input from the shift register 7 to the input terminal 10a of the 
flip-flop 10, is switched to DATA 2, DATA 1 of the output data, to be output from the 
output terminal 10c of the flip-flop 10, is switched to DATA 2. 

15 [0043] When the output clock input to the clock terminal 10b of the flip- 

flop 10 from the output terminal 20f of the selector 20 makes a transition from the 
HIGH to the LOW level at the timing of T4, after the DATA 2 of the pre-delayed 
data, input from the shift register 7 to the input terminal 10a of the flip-flop 10, is 
switched to DATA 3, DATA 2 of the output data, to be output from the output 

20 terminal 10c of the flip-flop 10, is switched to DATA 3. 

[0044] When the output clock input to the clock terminal 10b of the flip- 
flop 10 from the output terminal 20f of the selector 20 makes a transition from the 
HIGH to the LOW level at the timing of T6, after the DATA 3 of the pre-delayed 
data, input from the shift register 7 to the input terminal 10a of the flip-flop 10, is 

25 switched to DATA 4, DATA 3 of the output data, to be output from the output 
terminal 10c of the flip-flop 10, is switched to DATA 4. 

[0045] As described above, in the data transfer device 1 , the selector 20 
selectively outputs the delayed clock 0, 1, 2, or 3, according to numbers randomly 
output from the random number generating circuit 17. Accordingly, the timing when 

30 the output clock output from the data transfer device 1 to the flat harness 2 makes a 
transition to the HIGH level or to the LOW level is delayed randomly for any of one 
to four pulse(s) of the system clock, as compared with the pre-delayed clock output 
from the transfer clock circuit 6. Consequently, the timing when the output clock 




output from the data transfer device 1 to the flat harness 2 makes a transition to the 
HIGH level or to the LOW level becomes random without becoming a specific cycle. 
With the above-described structure, an energy density at some frequency of 
electromagnetic wave radiated from the flat harness 2 is not raised, so that the radiant 
5 noises and crosstalk may be reduced. 

[0046] The timing when the output data output from the output terminal 10c 
of the flip-flop 10 in the data transfer device 1 to the flat harness 2 is switched is 
delayed randomly for any of one to four pulse(s) of the system clock, as compared 
with the pre-delayed data output from the shift register 7. The timing when the output 
10 data to be output from the data transfer device 1 to the flat harness 2 is switched, 
becomes random without becoming a specific cycle. 

[0047] In the above-described embodiment, the pre-delayed data and the 
output data output from the shift register 7 is described. However, the same principle 
may be applied to the pre-delayed data and the output data output from the shift 
15 registers 8, 9, as described above. 

[0048] The above embodiment is described with the data transfer device 1 
which is applied to a serial printer, as an example, that transfers serial signals. 
However, the data transfer device 1 may be applied to an apparatus that transfers 
parallel signals. The data transfer device 1 may be applied to various apparatuses, 
20 other than printers, that transfer digital data. 

[0049] In the above embodiment, the reduction of the radiant noise and the 
crosstalk in the flat harness 2 is described. However, the invention may be applied to 
various types of harnesses and cables other than the flat harness. If the invention is 
applied to a harness or a cable that is provided with a shield, the reduction of the 
25 radiant noises and the crosstalk is more expected. The invention is not restricted to 

the flat harness, but may also be applied to various substrates and apparatus to reduce 
the radiant noise and the crosstalk therein. If the invention is applied to a single signal 
line, the radiant noise may be reduced. 

[0050] While the invention has been described with reference to the 
30 embodiment, it is to be understood that the invention is not restricted to the particular 
forms shown in the foregoing embodiments. Various modifications and alterations 
can be made thereto without departing from the scope of the invention. 




[0051] For example, the random numbers generated by the random number 
generating circuit 17 is not limited to 0 to 3. The delayed clock is not limited to four, 
but any numbers. That is, when at least two random numbers are generated by the 
random number generating circuit 17, the effects of the invention may be obtained. 
5 [0052] The random numbers from 0 to 3 are generated in the above- 

described embodiment. However, not all the random numbers may be used. For 
example, the random number generating circuit 17 is structured so as to generate the 
random numbers from 0 to 3. By changing settings of the random number generating 
circuit 17, the random numbers to be generated may be limited to n 0" and "1" or may 
10 be limited to "0", "1", and "2". 

[0053] When the settings of the random number generating circuit 17 are 
changed to limit to one number, for example, "0" or "1", the data is transferred as is 
done conventionally. In this case, the effects of the invention is not expected. 

[0054] The above-described circuits may be included in an IC chip of an 
15 application-specific integrated circuit (ASIC). 

[0055] As is apparent from the foregoing description, in the data transfer 
device and a printing apparatus including the data transfer device of the invention, a 
data transfer timing signal output device may output a timing signal for data transfer 
by changing a frequency of the timing signal randomly for each of the plurality of 
20 signal lines. Therefore, an energy density at some frequency of electromagnetic wave 
radiated from the signal lines is not raised. Thus, the radiant noises and the crosstalk 
may be reduced. 



